Introduction: The variations in aesthetic perception among the professionals and the laypersons were compared, to understand the association of various skeletal and dental factors in vertical dimension, which alter the soft-tissue characteristics during posed/social smile, among young adults. Methods: Images of the posed smile were captured with a digital camera from the 60 nonorthodontic treated young adults (30 girls, 30 boys). Determinants of the "pleasing smile" were identified from the results of a Visual Analog Scale. Quantitative measurements of the soft-and hard-tissue were made by using the smile images and cephalometric radiographs. The esthetics of the smile was correlated with specific skeletal, dental, and soft-tissue structures in the anteroposterior and vertical dimensions. Results: Three factors formed significant components of a pleasant smile, for orthodontists (incisogingival display, upper lip, and buccal corridor) and three for laypersons (upper lip, lower lip, and smile arc). A strong positive correlation was seen among skeletal and dental vertical dimensions and incisor show. The vertical thickness of the upper lip had a significant positive correlation with the position of the maxillary incisor. Conclusion: Incisogingival display, upper lip, lower lip and buccal corridor proved to be the most influential variables in smile esthetics. The significant relationship of incisor protrusion with the vertical thickness of the vermilion border of the upper lip shows that skeletal and dental vertical dimensions for incisal display must be considered when planning orthodontic treatment.
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IntRoductIon
The pleasant dental esthetics has been rated as an important factor for psychosocial well-being. Ideal occlusion should certainly remain the primary functional goal of orthodontics, but the esthetic outcome is critical for patient satisfaction. [1] The posed smile has been described to be sustained, and the lip animations are fairly reproducible. Therefore it should be considered the most desirable for treatment planning and research. [2] [3] [4] Specific hard-and soft-tissue features of the smile have been studied extensively in the literature, [5] [6] [7] [8] but without examination of the relationship between their etiology and smile esthetics.
For the present study, quantitative measurements of vertical lip thickness and incisogingival display were made by using images of the posed smile, along with the cephalometric analysis of the subjects with attractive smile factors. In addition, the judgments of both laypersons and orthodontists on these same images provided subjective indications of what constitutes a pleasing smile. This subjective analysis was an effort to verify and expand on previous investigations of smile attractiveness and provide esthetic values for this sample of orthodontic patients before treatment.
MateRIal and Methods
The samples included in the study were selected from the students of Meenakshi Ammal Dental College, Chennai, after getting approval from ethical committee. The samples
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were required to meet the following criteria; Young adults between the age group of 18-25 years, Indian, had no history of any orthodontic treatment, no clinically evident skeletal asymmetry, anterior or posterior cross-bite was not present, no missing or malformed teeth causing a tooth size discrepancy and subjects should have a clinically acceptable smile (no reduced lip length, reverse smile line or gummy smile >3 mm gingival show) and a good profile. Sixty subjects (30 boys and 30 girls) fulfilling the criteria mentioned above were selected and their posed smile photographs were taken.
A digital camera (Nikon-D70S) with a EX Sigma F28 DG macro lens, focused at 1:1 ratio was used to record anterior tooth display while the subjects were smiling. To standardize the technique, a fixed patient camera distance, a cephalometric head holder, and natural head position were used [ Figure 1 ]. The patient was asked to relax and give a social/posed smile.
Ten frames per patient were captured of the dynamic oral aperture, adjacent tissues (including parts of the nose and the chin) and the two metallic scales placed at right angle to each other were fixed to the cephalometric head holder. The frame that best represented the patient's natural unstrained social smile, that is, the most reproducible smile in all the frames, was selected and was cropped to eliminate most of the nose, cheeks and chin to minimize the influence of background facial attractiveness. By eliminating most of the background, parameters not under orthodontic control are less likely to become a factor in the rating of the smile [ Figure 2 ].
Visual examination of the images
The frames were standardized in width, at 4 inches. Each frame was identified by patient number and was pasted in a power-point presentation with their identification number on each slide (males: 30, females: 30), and were given for evaluation to 10 orthodontists and 10 laypersons (not related to dentistry), all of Indian origin.
Each evaluator was given a Performa [ Figure 3 ] to complete, which contained a Visual Analogue Scale (VAS). Evaluators used their own esthetic values to rank the patients' smiles from "unpleasant" to "pleasant."
The smile was determined by four factors which affects the pleasantness or unpleasantness of the smile; incisogingival display: Amount of visibility of the incisor crown height and the gingival show, upper vertical lip thickness: The vertical distance from the most superior peak of the lip to the most inferior portion of the tubercle of the upper lip, lower vertical lip thickness: The vertical distance from the deepest midline point on the superior margin of the lower lip to the most inferior portion of the lower lip, and smile arc (consonant, flat, reverse): The curvature of the maxillary incisal edges and canines relative to the curvature of the lower lip on smile. For the ease of statistical analysis these factors were given a coding individually (F1 to F4), and were evaluated with the help of a 5 point Likert scale (from 1 being very unattractive to 5 being very attractive) [ Figure 3 ].
The laypersons were given a brief explanation about the four factors taken for smile esthetics, before the evaluation 
Smile analysis
Digimizer Image Analysis (version 3.7. The incisogingival display was determined by two factors (maxillary incisor display and upper lip drape), as measured in the posed smile image. Positive value was assigned for upper lip drape in individuals with lack of gingival exposure, and was calculated as a difference between the height of maxillary central incisor (as measured on the cast) and the maxillary incisor show (as measured on the image).
For individuals with gingival exposure, direct measurement was performed on the images and a negative value was assigned [ Figure 5 -Performa 2].
For the correlation of the cephalometric analysis with the smile analysis, 7 angular measurements and 6 linear measurements were measured on the lateral , which were hand traced with no attempt to standardize the magnification, because all cephalograms were taken on the same machine.
Statistical analysis was performed with a software program (SPSS version 12.0, for Windows by IBM Corporation, 1 New Orchard Road, Armonk, New York, United States). Pearson's Chi-square test was performed to determine number of pleasant and unpleasant smiles and to correlate the aesthetic scores between orthodontists and laypersons. The subjects were divided into following eight groups for evaluation:
• Males -Unpleasant smiles (rated by orthodontists)
• Males -Pleasant smiles (rated by orthodontists)
• Females -Unpleasant smiles (rated by orthodontists)
• Females -Pleasant smiles (rated by orthodontists)
• Males -Unpleasant smiles (rated by laypersons)
• Males -Pleasant smiles (rated by laypersons)
• Females -Unpleasant smiles (rated by laypersons)
• Females -Pleasant smiles (rated by laypersons).
After determining the factors significantly contributing to the pleasantness of the smile, further groups were made based on Likert scale score. The subjects with attractive smile factors were listed separately and the smile measurement was undertaken in these along with the cephalomeric analysis.
Descriptive statistics for cephalometric and smile measurements were calculated. A Pearson correlation study (for parametric correlations) and Kendall's Tau-b study (for nonparametric correlations) were performed between all cephalometric and objective smile analysis parameters.
Results
A highly significant difference was seen between the perception of smiles by the orthodontist and layperson (P = 0.002) [ Table 1 ]. For the pleasantness of the smiles, orthodontists rated incisor show highly significant (P = 0.000), in both males and females, but, the laypersons did not in either male or female group. In the present study, for both male (P = 0.001) and female (P = 0.000) groups, laypersons rated smile arc as a highly significant factor, contributing in the pleasantness of the smile. For both male and female groups, laypersons (males -P = 0.000, females -P = 0.012) and orthodontists (male and female -P = 0.000) used the thickness of the upper lip as a factor determining the pleasantness of a smile. While, the thickness of the lower lip, in both males (P = 0.000) and females (P = 0.000) was rated significantly pleasant only by laypersons [ Table 2 ].
There was a highly significant positive correlation of maxillary incisor exposure with the skeletal vertical dimension, as measured from nasion to menton ( Table 3 ].
The vertical thickness of the upper lip showed a significant correlation with SNA (r = 0.640, P = 0.001) in female group and U1-SN (r = 0.545, P = 0.008) and U1-Pt.A (horizontal) (r = 0.530, P = 0.009) in male group [ Table 4 ].
dIscussIon
Panel assessment to evaluate facial esthetics before and after orthodontic treatment has been widely used. Although high correlations have been reported between professionals and laymen, [9, 10] some investigators have shown that professionals are more critical than laymen [5] while, others found the opposite. [11, 12] The present study showed a statistically high significant difference (P = 0.002) between the perception of the smile by the orthodontist and layperson. This may be the result of the subconscious critical evaluation of smile esthetics by orthodontic specialists, considering their past experiences in treating various malocclusions. While, the smiles were judged as an aesthetic whole and minor discrepancies in specific smile features were less of a decisive factor, according to laypersons.
According to Peck et al. [13, 14] lip coverage of the maxillary incisors increases with age. Therefore, a high smile with 100% of the maxillary incisor exposure and a contiguous band of gingiva is characteristic of a younger population. [15] While, McNamara et al. [7] stated that there was no correlation between the less pleasing smile esthetics with less incisor display. Therefore, considering the age of the subjects taken in the present study, it was hypothesized that, less incisor display would be correlated with unpleasant smile, while more incisor display would be correlated with more pleasing smile esthetics. For the pleasantness of the smiles, orthodontists rated incisor show as a contributing factor to the pleasantness of smile highly significant (P = 0.000), but, the laypersons did not. While, for the unpleasantness of the smile the incisor show was not considered as a very significant factor by both orthodontists and laypersons.
The ideal smile arc has the maxillary incisal edge curvature parallel to the curvature of the lower lip upon smile; the term consonant is used to describe this parallel relationship. [16] Hulsey [4] and Zachrisson [15] stated that the harmony between the arcs of curvature of the incisal edges of the upper incisor teeth and the upper border of the lower lip was an important feature of an attractive smile however it can be influenced by the orthodontist during the treatment, making the smile arc flat rating it as less attractive. Parekh et al. [8] studied the attractiveness of smile arc and found that flat smile arcs in both male and female smiles were rated as less attractive by both orthodontists and laypersons.
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In the present study, for both male (P = 0.001) and female (P = 0.000) groups, laypersons rated smile arc as a highly significant factor, contributing in the pleasantness of the smile. In agreement to the previous studies done by Hulsey et al. [4] and Zachrisson [15] the present study also showed that orthodontists did not give much importance to the aesthetic value of smile arc.
Vertical lip thickness was important in the determination of the attractiveness of the smile. Hall et al. [3] stated that more prominent lips were preferred in American black patients than in white. Later, McNamara et al. [7] stated that both laypersons and orthodontists used the thickness of the upper lip, and laypersons used the thickness of the lower lip, as variables in determining the pleasantness of a smile. Much commercialism today on television, radio, and the internet is aimed at self-improvement, specifically society's interest in fuller lips. Yet little information about lip esthetics is found in the orthodontic literature, most of which concerns cleft repair and norms for the lips at rest.
The present study showed that for both male and female groups, laypersons (males -P = 0.000, females -P = 0.012) and orthodontists (male and female -P = 0.000) used the thickness of the upper lip as a factor determining the pleasantness of a smile. While, the thickness of the lower lip, in both males (P = 0.000) and females (P = 0.000) was rated significantly pleasant only by laypersons.
Structural correlations
Quantitative measurements were made by using images of the posed smile, focusing on features that previous investigations deemed important to esthetics. [13, 14, 17, 18] These measurements included incisogingival display, the vertical thickness of upper and lower lip. The results of this objective smile analysis were correlated with the hard-tissue dimensions derived from the lateral cephalograms.
In a recent study done by Suh et al. [19] the amount of upper incisor display during posed smile was significantly increased in individuals with longer anterior maxillary height. For the present study, maxillary incisor exposure in smile esthetics was measured as the vertical distance from the inferior border of the upper lip to the incisal edge of the maxillary central incisors, and was found to have positive correlation with the skeletal vertical dimension, as measured from N-Me (r = 0.754, P = 0.000) and from ANS-Me (r = 0.685, P = 0.00) in female group only.
The amount of upper lip drape showed significant negative correlation with the skeletal vertical dimension These results are in agreement with the study by Peck et al. [14] showing that the mandibular plane angle and palatal plane angle does not have any correlation with incisogingival display.
In the current study, maxillary incisor exposure and upper lip drape were also correlated with the linear measurement of anterior maxillary height: A perpendicular was constructed from the palatal plane to the incisal edge of maxillary central incisor [14] and second linear measurement was taken from the line parallel to F-H on point A to the incisal edge of maxillary incisor. [7] A positive correlation was seen between maxillary incisor exposure and U1-PP (r = 0.553, P = 0.01) in female group only.
Since, the vertical lip thickness has been considered to be an important part of the attractiveness of the smile, the present study showed significant correlation of the vertical thickness of the upper lip with SNA (r = 0.640, P = 0.001) in female group, as rated by orthodontists and U1-SN (r = 0.545, P = 0.008) and U1-Pt.A (horizontal) (r = 0.530, P = 0.009) in male group, as rated by laypersons. These findings were in accordance with the previous study done on similar subject by McNamara et al. [7] where, the maxillary incisor protrusion relative to the maxilla and arch depth were seen in positive correlation with the upper lip thickness, showing a tendency to roll the upper lip up and out, exposing more of the mucocutaneous lip and increasing the vertical height of the exposed vermilion border of the lip. The upper lip thickness was also positively correlated to the skeletal vertical dimensions (N-Me and ANS-Me), but the present study did not show any such correlation.
In maxillary antero-posterior excess cases, the upper lip is usually short and curled up, while in deficient maxillary cases, less vermillion of upper lip is visible, [20] this provides an agreement to the positive correlation of SNA (r = 0.640, P = 0.001) with upper lip thickness seen in the present study.
The positions and angulations of the incisors play far more influential roles in determining the position and curvature of the lower lip than of the upper lip. [6] The present study showed no correlation of any of the skeletal factors with the lower lip thickness.
conclusIon
There was a strong disagreement between the orthodontists and laypersons in smile evaluation. The present study confirmed the hypothesis that more incisor display correlated with more pleasing smile esthetics and vice versa and was rated as an important factor by orthodontists.
The vertical thickness of the upper lip was an esthetic determinant for both the orthodontists and the laypersons, whereas the vertical thickness of the lower lip was an important determinant for laypersons alone: Fuller lips were associated with better smiles, in both male and female groups.
In addition to these subjective aesthetic findings, maxillary incisor exposure was positively correlated with the skeletal vertical dimension (N-Me, ANS-Me) and the anterior maxillary height (U1-PP): Greater the vertical dimension more the incisor show. The upper lip drape was found to have a negative correlation with the above-mentioned factors.
Vertical lip thickness was the most influential variable in smile esthetics and was correlated positively with the position of the maxillary incisor and SNA: The more protrusive the incisor, the fuller the upper lip. Although this soft-tissue variable is not completely under an orthodontist's control, the relationship of incisor protrusion with upper lip thickness must be considered when planning orthodontic treatment.
